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ABSTRACT
Low Surface Brighness Galaxies (LSBs), inspite of being gas rich, have low star forma-
tion rates and are, therefore, low surface brightness in nature. We calculate QRW, the
2-component disc stability parameter as proposed by Romeo & Wiegert (2011), as a
function of galactocentric radius R for a sample of five LSBs, for which mass models,
as obtained from HI 21cm radio-sythesis observations and R-band photometry, were
available in the literature. We find that the median value of Qmin
RW
, the minimum of QRW
over R, lies between 2.6 and 3.1 for our sample LSBs, which is higher than the median
value of 1.8 ± 0.3 for Qmin
RW
for a sample of high surface brightness galaxies (HSBs)
as obtained in earlier studies. This clearly shows that LSBs have more stable discs
than HSBs, which could explain their low star formation rates and, possibly, their low
surface brightness nature. Interestingly, the calculated values of QRW decrease only
slightly (median Qmin
RW
∼ 2.3 - 3) if the discs were taken to respond to the gravitational
potential of the dark matter halo only, but reduce by ∼ a factor of 2-3 (median Qmin
RW
∼ 0.7 - 1.5) if they respond to their self-gravity alone. This implies that the dark
matter halo is crucial in regulating disc stability in LSBs, which may have important
implications for models of galaxy formation and evolution.
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1 INTRODUCTION
Low Surface Brightness galaxies (LSBs) are galaxies with
central B-band surface brightness µB(0) > 22-23 mag
arcsec−2 (Impey & Bothun 1997; Schombert et al. 2001); the
faintest LSBs observed so far have µB(0) ∼ 26 mag arcsec
−2.
LSBs, therefore, are at least two orders of magnitude fainter
than the galaxies conforming to Freeman’s Law (Freeman
1970), which states that most of the disc galaxies have a
central B-band surface brightness µB(0) ∼ 21.65 ± 0.30 mag
arcsec−2. They are ubiquitous, and therefore common, and
may be located either in field or in cluster environment.
Morphologically, LSBs are mostly disc galaxies (existence of
a few elliptical LSBs have however been reported in the lit-
erature), spanning a wide range of luminosities from dwarf-
irregulars to giant spirals, and thus encompass a group of
⋆ E-mail : arunima@iisertirupati.ac.in
† This research was carried out at The Inter-University Centre
for Astronomy and Astrophysics, Pune 411007, India
galaxies with diverse physical properties (de Blok, McGaugh
& van der Hulst 1996).
LSBs are not just faded remnants of high surface bright-
ness galaxies (HSBs) that have ceased to form stars; this
was confirmed by the fact that no correlation was found to
exist between the values of the central surface brightness
and colors of LSBs (McGaugh & Bothun 1994). LSBs are,
in fact, quite blue in color, often few tenths of a magnitude
bluer than HSBs, which indicates that they are forming stars
even at the current epoch (van der Hulst et al. 1993). Be-
sides, they exhibit a low star formation rate (SFR) ∼ 0.001
- 0.1 M⊙ yr
−1, which is almost a few orders of magnitude
lower compared to HSBs (Wyder et al. 2009; Westfall et al.
2014); blue color together with a low star formation rate
was interpreted as being indicative of a late formation with
a slow evolution rate for these galaxies (McGaugh & Bothun
1994). This may appear to be puzzling as LSBs are rich in
gas, the fuel for star formation, as indicated by high values of
MHI/LB (∼ 1) and MHI/Mdyn (∼ 0.1), where MHI is the total
mass in neutral hydrogen gas (HI), LB the total blue lumi-
nosity, and Mdyn the dynamical mass of the galaxy (de Blok,
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McGaugh & van der Hulst 1996). However, it was argued
that although LSBs have rich reserves of HI by mass, the
observed HI surface density falls below the critical value of
the gas surface density required for star formation as given
by the Kennicutt (1989), an empirical law relating star for-
mation with gas surface density for a large sample of spiral
galaxies (van der Hulst et al. 1993, Wyder et al. 2009). In-
terestingly, in a similar study, Hunter et al. (1998) found
that the critical gas surface density for star formation in
dwarf irregulars to be lower by a factor of 2 than that in
HSBs. This already implies that the value of the critical gas
surface density for star formation is not universal, and may
itself be a function of other physical parameters which could
vary with galaxy mass and morphology. This is further evi-
dent from the existence of other empirical laws determining
star formation in galaxies, which have explicit dependence,
for example, on the dynamical time, in addition to the gas
surface density (Boissier & Prantzos 1999).
The value of critical gas density in Kennicutt (1989)
translates to a Q-value of 1.4, Q being the Toomre stability
criterion (Toomre 1964) indicating the stability of a self-
gravitating disc of stars against local, axi-symmetric pertur-
bations; Q > 1 denotes a dynamically stable disc and vice-
vera. Galactic discs, however, are not single-component sys-
tems, especially late-type, gas-rich galaxies, where the gravi-
tational potential due to stars and gas dominate the disc dy-
namics on an equal footing. Besides, being a low dispersion
component, gas is constrained to a thin layer near the galac-
tic midplane and therefore may strongly dominate the disc
dynamics there, inspite of constituting just a sub-dominant
mass fraction of the galaxy (Banerjee & Jog 2007). 2-fluid
and 2-component stability parameters for a gravitationally-
coupled star-gas system in the force field of the dark matter
halo has been obtained analytically by several authors in the
literature (Wang & Silk 1994, Jog 1996, Romeo & Wiegert
2011). In this paper, we study the disc stability of a sample
of LSBs by calculating the 2-component stability parameter,
QRW, as proposed by Romeo & Wiegert (2011), and com-
pare with the QRW values obtained for a combined sample
of HSBs and a few LSBs, available in the literature. We also
study the dependence of the observed SFR densities for our
sample LSBs, as was determined earlier from direct obser-
vations, on our calculated QRW values, and compare with
the trend observed in normal spirals, as seen in numerical
simulations and observational studies. Finally, we study the
relative roles of the gravitational potentials of the disc and
the dark matter halo in regulating the disc stability in our
sample LSBs.
The rest of the paper is organized as follows: in §2 we
discuss the stability criterion against local axi-symmetric
perturbations for a 2-component disc, in §3 the sample, in §4
the input parameters, in §5 results and discussion followed
by conclusions in §6.
2 STABILITY CRITERION FOR A
2-COMPONENT GALACTIC DISC
The theory of gravitational instabilities in a galactic disc for
2-component galactic disc models of stars and H i supported
by rotation and random motion has been studied in detail
and several 2-component stability parameters proposed in
the past (See §1). In order to compare our results with earlier
studies in the literature, in this paper we will adopt the
stability parameter given by Romeo &Wiegert (2011), QRW,
which is given by
Q−1RW =
{
wσ/TsQs + 1/TgQg for TsQs > TgQg
1/TsQs + wσ/TgQg for TsQs < TgQg
, (1)
where the 1-component stability parameter is given by
Qi = κσR,i/(πGµi) (2)
Here, κ is the epicyclic frequency, σR,i the radial velocity
dispersion and µi the surface density of the i
th component
where i = s or g corresponding to stars and gas respectively.
In other words, the 1-component stability parameter is de-
termined by a balance between the pressure gradient and the
centrifugal force from the coriolis spin-up of the perturbation
on one hand, and its self-gravity on the other. Besides, Qi ,
κ, σR,i and µi are all functions of R. The epicyclic frequency
κ at any galactocentric radius R is given by
κ2 = (R
∂ΩTotal
2
∂R
+ 4ΩTotal
2) (3)
where ΩTotal is the total angular frequency given by Ω
2
Total
=
1
R
∂ΦTotal
∂R
= VRot
2/R2. Here ΦTotal is the total gravitational po-
tential, and VRot the rotational velocity at R, which is given
by the observed rotation curve of the galaxy. Therefore, at
any radius R, the square of the total angular frequency is ob-
tained by adding in quadrature ΩDisk, the angular frequency
due to the gravitational potential of the disc only, and ΩDM,
that due to the dark matter only i.e.,
Ω
2
Total = Ω
2
Disk +Ω
2
DM (4)
We note here that the role of the dark matter halo in reg-
ulating the local disc stability lies only in its contribution
to the net galactic potential, which in turn determines the
angular and epicyclic frequencies.
wσ is the weight of the more stable component and is given
by
wσ =
σR,sσR,g
σ2
R,s
+ σ2
R,g
and Ti , the correction for disc thickness for the i
th compo-
nent, as given by Romeo & Falstad (2013), is
Ti =
{
0.8 + 0.7 αi for 0.5 < αi ≤ 1
1.0 + 0.6 α2
i
for 0.0 < αi ≤ 0.5
(5)
such that Ti ≥ 1. Here αi = σz,i/σR,i where σz,i is
the vertical velocity dispersion of the ith component. For
gas, we assume the velocity ellipsoid is isotropic such that
Tg = 1.5. For stars, we take αs = σz,s/σR,s = 0.5, which is
equal to the value at the solar neighbourhood (See §4) such
that Ts = 1.15. Therefore, we can say TiQi is the thickness-
corrected stability parameter, Qi being the stability param-
eter for the ith component as given in Equation (1). The
thickness corrections are expected to be robust and not de-
pendent on the choice of the vertical density profile or the
oblateness (Romeo 1992).
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Table 1. Basic properties of our sample of LSBs
Namea Db µB (0)
c RD
d ie Vmax
f
(Mpc) (mag arcsec−2) (kpc) (o) (kms−1)
F563-1 45 23.6 2.8 25 112
F568-1 85 23.8 5.3 26 142
F568-3 77 23.1 4.0 40 105
F568-VI 80 23.3 3.2 40 118
F579-VI 85 22.8 5.1 26 114
a All values quoted from de Blok et al. (2001)
b Distance
c B-band central surface brightness
d Exponential disc scalelength
e Inclination
f Maximum Velocity
3 SAMPLE
We choose 5 LSBs with inclination i < 40o from the sample
of de Blok et al. (2001), who obtained mass models for a sam-
ple of LSBs, using high resolution HI 21cm radio-synthesis
observations and R-band photometry. Our choice was guided
by the fact that stellar photometry of nearly face-on galax-
ies are less affected by dust obscuration than those of their
more edge-on counterparts, and, therefore, closely represents
the true underlying stellar population even without extinc-
tion correction. Our LSB sample consist of F563-1, F568-1,
F568-3, F568-VI and F579-VI. They have a B-band central
surface surface brightness µB(0) ranging between 23-24 mg
arcsec−2, spanning exponential disc scalelength RD between
2.8 - 5.3 kpc and comparable dynamical masses as given by
the asymptotic rotational velocity Vmax ∼ 105 - 118 kms
−1,
except for F568-1 which has a slightly higher Vmax ∼ 142
kms−1. All our galaxies are bulgeless. Our sample LSBs have
a central HI surface density ∼ a few M⊙pc
−2. The HI surface
density profile of only F568-1 clearly indicates the presence
of a hole at its centre; for the rest of the galaxies, the HI sur-
face density remains almost constant before falling off with
radius. In Table 1, we summarize the basic properties of our
sample galaxies.
4 INPUT PARAMETERS
According to Equation (1) - (4), the input parameters re-
quired to calculate QRW are the epicyclic frequency (κ), the
stellar and the gas surface densities (µs, µg) and the stellar
and the gas velocity dispersions (σR,s, σR,g).
The epicyclic frequencies were estimated as follows: a
Brandt profile (Brandt 1960) was fitted to the observed ro-
tation curve as given in de Blok et al. (2001), which gave
ΩTotal as a function of R in an analytical form. κ could then
be estimated using Equation (3).
The stellar surface densities µs were determined from
the R-band central surface brightness values, the exponential
disc scalelengths and a constant mass-to-light ratio of 1.4
as given in de Blok et al. (2001). The color variation with
galacto-centric radius is found to be modest in LSB galaxies,
and hence the assumption of a mass-to-light ratio constant
with radius is justified.
The gas surface densities µg were obtained by multiply-
ing the HI surface densities given in de Blok, McGaugh and
van der Hulst (1996) by 1.4 to take into account corrections
due to the presence of He and other metals. de Blok et al.
(2001) did not taken into account the presence of molecular
gas H2 in their mass models. This is a reasonable assump-
tion as H2 may not be a dynamically significant component
in LSBs, as the H2 to HI mass ratio in late-type LSB spi-
rals was found to be low ∼ 10−3 (Schombert et al. 1990,
Matthews et al. 2005). Therefore, the contribution of H2 can
be safely ignored in mass models of LSBs, without incurring
significant errors.
No direct observational estimates were available for the
radial stellar velocity dispersion σR,s for most of our sample
LSBs. Therefore σR,s were determined by first modelling the
vertical velocity dispersion using the 2-component galactic
disc model of gravitationally-coupled stars and gas in the
force field of the dark matter halo, and taken to be in ver-
tical hydrostatic equilibrium (See, for example, Banerjee &
Jog 2007). It was further assumed that the stellar disc had
an average scaleheight of RD/6 (RD/5 - RD/7) and that the
dispersion declined exponentially with R with a scalelength
equal to 2 RD (van der Kruit & Searle 1981); the radial ve-
locity dispersion was then determined assuming a vertical-
to-planar stellar velocity dispersion ratio of ∼ 0.5, which is
the value at the solar neighbourhood (See, for example, Bin-
ney & Tremaine 1987). However, Gerssen & Shapiro Griffin
(2012) showed that vertical-to-planar stellar velocity disper-
sion ratio decreases markedly from early- to late-type galax-
ies. For an Sbc galaxy like the Milky Way, this value is ∼
0.5. But for later-type galaxies like the LSBs, it can be sig-
nificantly smaller, closer to 0.3. Assuming a value of 0.3 for
the vertical-to-planar stellar velocity dispersion ratio would
result, if at all, in a slightly higher value for QRW, which, as
will be seen, will further strengthen the main conclusions of
the paper, and, therefore, our choice of a vertical-to-planar
stellar velocity dispersion ratio of 0.5 is rather conserva-
tive. However, as will also be seen later in the section, the
dependence of QRW on the σR,s term is rather weak. In fact,
we checked that a change in the value of σR,s by upto ∼
30 % hardly changes the calculated value of QRW. In Figure
1 [Left Panel], we compare our model-derived values of the
central σR,s for our sample LSBs, with those of the LSBs
in the sample of Martinsson et al. (2013) who directly ob-
tained the same from integral field spectroscopy studies. We
note that within error bars, our model-predicted values for
the central σR,s are mostly consistent with the directly mea-
sured values in other LSBs . In Figure 1 [Right Panel], we
present the ratio of the scalelength for the exponential fall-
off of the velocity dispersion in the radial direction hσ to
the exponential disc scalelength RD as obtained for the LSB
sample in Martinsson et al. (2013). We find that hσ/RD ∼ 1
- 3 for most of the galaxies, instead of being 2 as assumed by
us in the current work. However, two of our sample galax-
ies, F563-1 and F568-3, were studied by Kuzio de Naray,
McGaugh and de Blok (2008), who obtained high-resolution
optical velocity fields using integral field spectroscopy for a
sample of LSBs, and estimated the non-circular motion to be
∼ 25-30 kms−1. Interestingly, we found that the QRW value
remains almost unchanged if we use a constant σR,s ∼ 30
kms−1 instead of the model-predicted values , again imply-
ing a weak dependence of QRW on the σR,s value. This is
MNRAS 000, 1–?? (0000)
4 P. Garg and A. Banerjee
possibly because in a gas-rich system like an LSB, the disc
dynamics is equally regulated by the stellar and gas compo-
nent at almost all radii (Banerjee, Matthews & Jog 2010),
unlike in normal spirals where the stellar gravity plays the
key role in regulating disc dynamics. As a result, the cal-
culated value of QRW is effectively not so sensitive to the
moderate change in value of σR,s.
Similarly, our sample LSBs did not have directly mea-
sured values for the gas velocity dispersion σR,g. How-
ever, recent studies of two edge-on LSBs (UGC7321,IC5249)
among a sample of edge-ons (O’Brien, van der Kruit &
Freeman 2010c) revealed that σR,g varies between 7 - 10
kms−1 over most of the disc, which is also roughly consis-
tent with the measurements in other galaxies in general; 6.5
± 1.5 kms−1 (narrow component of HI) and 16.8 ± 4.3 (cold
component of HI) (Ianjamasimanana et al. 2012), and 6.5 -
10.5 kms−1 (Westfall et al. 2014). In this paper, we consider
two different cases for all our analyses: σR,g remaining con-
stant with radius at 7 kms−1 and 10 kms−1 respectively. This
should be a conservative choice, given our aim of comparing
the disc stabilities of LSBs and HSBs.
5 RESULTS & DISCUSSION
We first calculate the theoretical disc stabilities of our sam-
ple galaxies as a function of galactocentric radius R. Figure
2 shows the 2-component disc stability parameter QRW ver-
sus R for each of our sample LSB galaxies calculated using
Equation (1). The open and the filled circles represent QRW
obtained using σR,g = 7 kms
−1 and 10 kms−1 respectively,
which should span the whole range of σR,g values as con-
strained by direct observational studies of LSBs and other
spirals (See §4). The error bars on our calculated QRW val-
ues have been estimated by propagating the error bars on
the different input parameters, the dominant contributions
being from the κ and the µg terms, thus reflecting the error
bars on the rotation curve and the HI surface density plots.
In fact, as will be discussed later in this section, QRW has
a moderately strong dependence on σR,g, and hence any er-
ror in the value of σR,g should have been strongly reflected
in the error in QRW. However, in this paper, we have con-
sidered σR,g as an input parameter, and, therefore, held it
constant at a fixed value, 7 kms−1 or 10 kms−1, which are,
respectively, the minimum and maximum possible value of
σR,g as observed in LSBs. Therefore, for each of our sam-
ple LSBs, the QRW plots corresponding to σR,g = 7 kms
−1
and 10 kms−1 respectively, roughly determine the range of
QRW values at a given R. The dotted horizontal line cor-
responds to QRW = 1, which represents a disc marginally
stable against local, axi-symmetric perturbations; QRW >
1 indicates an stable disc and vice-versa. We note that for
all our sample LSBs in general, QRW first falls off, then re-
mains almost constant till R < 3 RD, and finally rises with
R, for R > 3 RD. Interestingly, 3 RD also roughly marks
the periphery of the stellar disc of a galaxy. The location of
the minima in QRW as well as its width vary from galaxy
to galaxy. This is similar to the general trend found in the
combined sample of HSBs and LSBs in Westfall et al. (2014)
[Figure 2 of Westfall et al. 2014]. As dicussed in §2, the disc
stability parameter QRW and therefore the shape of its radial
profile, within the purview of the adopted dynamical model,
is regulated by the radial profiles of the κ, µs , µg and the
σs (We do not include σg as it has been taken to remain
constant with radius). It is easy to check that the shape of
the QRW profile is determined by an interplay between the
exponentially falling µs + µg, and κ falling off almost as
1/R; the dependence of QRW on the σs has been found to
be weak. This radial trend in QRW is also roughly consis-
tent with the radial distribution of the H-α emission line
surface brightness, which is an indicator of the recent star-
formation rate surface density, in a sample of disc galaxies
studied by Kennicutt (1989) [Figure 2 of Kennicutt 1989],
which already implies the crucial role played by the disc dy-
namical stability in regulating star formation in galaxy discs.
Besides, we also note the strong dependence of QRW on the
assumed value of σR,g. Besides, we find that as σR,g changes
from 7 to 10 kms−1, QRW changes almost by the same fac-
tor at all R for all our sample galaxies, except for F579-VI.
This anomaly in F579-VI can be explained by the fact that
F579-VI has a dark matter halo, denser and more compact
by almost an order of magnitude than those of other LSBs
in the sample, with similar asymptotic rotational velocities
[Table 6 of de Blok et al. 2001]. As a result, the disc dynam-
ics in this galaxy is effectively regulated by the underlying
gravitational potential of the dark matter halo, as is also
evident from its rotation curve decomposition into the disc
and the dark matter halo components [Figure 3 of de Blok
et al. 2001]; thus the role of the other input parameters, in-
cluding gas velocity dispersion, is rendered insignificant in
regulating the QRW values of F579-VI. In Table 2, we sum-
marize Qmin
RW
, which is the minimum QRW in 0.1 ≤ R/RD ≤
2.5, for our sample LSBs; Qmin
RW
may also be taken to be a
conservative estimate of the QRW for the galactic disc, as
proposed by Westfall et al. (2014). We note that for rela-
tively cold galactic discs (σR,g = 7 kms
−1), the QRW value
may vary significantly (∼ 32 %) from galaxy to galaxy; for
hotter discs (σR,g = 10 kms
−1), the variation in QRW is much
less (∼ 17 %), reflecting that the effect of the other physical
parameters govering disc stability is relatively suppressed
in a hotter galactic disc. We choose the sample median as
representing the average value of the Qmin
RW
for our sample
LSBs. We find a median Qmin
RW
= 2.6 with σR,g = 7 kms
−1 ,
and QRW = 3.1 with σR,g = 10 kms
−1. In comparison, the
Toomre Q value corresponding to the observed HI surface
density, which sets the star formation threshold in a large
sample of HSBs, is 1.4 (Kennicutt 1989). This disc stability
value was however modelled by approximating the disc as a
single component system with zero vertical thickness, which
may not be a good assumption in general; the correspond-
ing value for the 2-component disc stability, which better
represents the disc stability for a star-gas system, may be
even lower (See §1 for details). This already indicates that
LSBs have higher disc stability than normal HSBs. Interest-
ingly, our calculations show that the disc instability is not
driven by any particular disc component (i.e., stars or gas)
for all our sample galaxies. Even for a given LSB galaxy, the
disc instability may be driven by the stellar component at
some R, the gas component at others, and equally by both
the components at certain R; also, the trend may vary from
galaxy to galaxy. This is unlike the case of normal galaxies
where stars are found to be the the primary driver of grav-
MNRAS 000, 1–?? (0000)
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Figure 1. [Left Panel] Comparison of σR,s(0) , the central stellar velocity dispersion for our sample LSBs as estimated using our
dynamical model (open inverted triangles), with those of the LSBs in the sample of Martinsson et al. (2013), as determined from integral
field spectroscopy studies (filled squares). [Right Panel] hσ/RD , the ratio of the scalelength for the exponential fall-off in the stellar
velocity dispersion in the radial direction to the exponential disc scalelength, as obtained for a sample of LSBs from integral field
spectroscopy studies by Martinsson et al. (2013). The horizontal line represents hσ/RD = 2, as assumed in our dynamical model to
estimate the stellar velocity dispersion for our sample LSBs.
Table 2. Qmin
RW
of our sample of LSBs
Name Qmin
RW
Qmin
RW
(σR,g = 7 kms
−1) (σR,g = 10 kms
−1)
F563-1 2.8 ± 0.2 3.4 ± 0.3
F568-1 2.2 ± 0.1 2.9 ± 0.1
F568-3 2.0 ± 0.1 2.3 ± 0.1
F568-VI 2.6 3.2
F579-VI 2.9 3.1
itational instabilities (Romeo & Magotsi 2017). Besides, it
was also shown that this feature holds good even in the in-
ner disc of NGC 1068, a powerful nearby Seyfert+starburst
galaxy (Romeo & Fathi 2016).This is possibly the reflection
of the fact that in gas-rich LSB galaxies, the self-gravities of
both the stellar and the gas component dominate the disc
dynamics on almost an equal footing, unlike in normal spi-
rals where the stellar component mainly contributes to the
net gravitational potential.
We now compare the Qmin
RW
values for our sample LSBs
with those of the combined sample of LSBs and HSBs as
was obtained by Westfall et al. (2014). However, the B-band
central surface brightness were not available in the literature
for all the galaxies in the above sample. Hence, we could not
identify LSBs and HSBs in their sample, based on the defi-
nition of LSBs involving their B-band central surface bright-
ness values (See §1) as is the usual norm, and has been done
so far in this paper. The R-band central surface brightness
values of these galaxies were, however, given in Bershady et
al. (2010). We have therefore resorted to an alternative defi-
nition of LSBs, based on their R-band central surface bright-
ness, µR(0), to distinguish between LSBs and HSBs in their
sample. According to this definition, LSBs are galaxies with
µR(0) < 20.8 mag arcsec
−2 and vice versa. (Courteau et al.
1996; Adami et al. 1996). Based on this definition, we find
that the sample LSBs of Westfall et al. (2014) have a median
Qmin
RW
= 2.2 ± 0.4, whereas the HSBs have a median Qmin
RW
=
1.8 ± 0.3. This means, that although the median Qmin
RW
value
for the LSBs is slightly higher than that of the HSBs, within
error bars, the disc stability values of the LSBs and HSBs are
comparable according to Westfall et al. (2014). In compari-
son, the median Qmin
RW
value for our LSB sample (even for the
σR,g = 7 kms
−1 case) is clearly higher: 2.6, than their of the
HSB sample. This may be understood by the fact that the
stellar surface density values used by Westfall et al. (2014)
were possibly over-estimated. The dynamical surface density
was modelled approximating the galaxy as a single compo-
nent system of self-gravitating stars, thereby ignoring the
self-gravity of the gas and the dark matter halo. However,
the contribution of these components may not be negligible.
In fact, although gas constitutes only a sub-dominant mass
fraction of the galactic disc, it nevertheless strongly regu-
lates the disc dynamics, being confined to a thin layer near
the galactic midplane, as it has a relatively lower value of the
vertical velocity dispersion compared to the stars (Banerjee
& Jog 2007); this effect will be especially significant in gas-
rich, late-type systems like the LSBs. Besides, dark matter
has been found to dominate the disc gravitational potential
at all radii in LSBs (Banerjee et al. 2010), and therefore the
presence of dark matter can not be ignored even at small and
intermediate radii unlike in HSBs. However, in the model
adopted by Westfall et al. (2014), the stellar surface den-
sity was taken to be equal to the dynamical surface density
less the gas surface density value, thus neglecting the contri-
bution of the dark matter halo twice. Therefore, the stellar
surface density values of Westfall et al. (2014) appear to
have been over-estimated, which possibly resulted in under-
estimating disc stability values i.e., lower values of Qmin
RW
,
especially for the LSBs. Having said that, we may conclude,
Qmin
RW
value for LSBs are on an average higher than those of
HSBs, thus confirming that the discs of LSBs are dynami-
cally more stable against star formation compared to those
of HSBs (Also see, Ghosh & Jog 2014). In Figure 3, we com-
pare the Qmin
RW
values of the LSBs and HSBs in the sample
of Westfall et al. (2014) with those calculated in this paper
for our sample LSBs. Before concluding this discussion, we
may note that QRW = 1 gives the critical stability level of
a galactic disc in the presence of local, axi-symmetric per-
turbations only. However, realistic galactic discs are by no
means subjected to local, axisymmetric perturbations only.
In fact, non-axisymmetric perturbations lead to the forma-
tion of bars and spiral arms in galactic discs. Griv & Gedalin
(2012) showed that non-axisymmetric perturbations have a
destabilizing effect and therefore may increase the critical
stability level for local axisymmetric perturbations to QRW
MNRAS 000, 1–?? (0000)
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∼ 1 - 2(Romeo & Fathi 2015). In addition to this, there
may be gas dissipation effects, which may raise the critical
stability level further to QRW ∼ 2-3 (Elmegreen 2011). The
Qmin
RW
values for all our sample LSBs clearly lies between 2-
3, which confirms that LSB discs are stable against local
perturbations under realistic conditions of the inter stellar
medium (ISM), when non-axisymmetric perturbations and
gas dissipation are also at play. In contrast, the median Qmin
RW
for HSB discs, as mentioned above, is ∼ 1.8 indicating HSB
discs are not quite stable against local, non-axisymmetric
perturbations under realistic conditions, unlike their LSB
counterparts.
We next check if the calculated QRW values for our sam-
ple LSBs, which is expected to capture the essential physics
driving star formation according to the purely dynamical
model adopted here, actually correlate with their star forma-
tion rate, as directly determined from observational studies.
There are several tracers of star formation rates in galaxies
(See, for example, Kennicutt & Evans 2012 for a review);
UV surface brightness, for instance, is a probe of the re-
cent star formation activity. Wyder et al. (2009) determined
the global star formation rates of a sample of LSB galaxies
using their UV surface brightness, and their sample con-
tained all five of our sample LSBs. In Figure 4, we study the
star formation rate surface density [adapted from Wyder et
al. 2009] as a function of Qmin
RW
, as calculated in this paper,
for our sample LSBs. We find that the data points can be
well-fitted by a power-law with a slope of -1.50 ± 0.59, thus
confirming that disc dynamical stability (Qmin
RW
) primarily
regulates star formation rate density in galaxies. Also, our
best-fitting slope roughly matches a slope of ∼ -1.5 found
in hydrodynamical simulations studying the dependence of
star formation rate on disc stability of ordinary spirals in
general (Li et al. 2006). This further implies that the disc
dynamical stability regulates the star formation rate densi-
ties in galaxies equally strongly, irrespective of galaxy type
or morphology; the lower star formation rates exhibited by
LSBs is simply the outcome of their higher disc dynami-
cal stabilities. However, Westfall et al. (2014), reported a
steeper slope of ∼ -3 for their combined sample of HSBs and
LSBs, which is puzzling. But it is possibly related to the
over-estimated disc surface density values used in determin-
ing Qmin
RW
, as discussed earlier. Besides, they used a different
diagnostic for recent star formation viz. integrated 21 cm
continuum luminosity, to estimate their global star forma-
tion rates, which may also explain the observed difference in
the power-law slopes found in the two studies. The causal
connection between disc instability and star formation was
first suggested by Kennicutt (1989), which was founded on
the basic fact that disc instabilities trigger formation of gas
clumps, the coalescence of which eventually leads to star
formation. However, the above connection is not direct, and
may be mediated by several factors, the strongest among
them being feedback. Besides, it has been recently found
that formation of gas clumps may also result in the heating
of ISM in addition to the gas depletion in their neighbour-
hood, which, in turn, are likely to oppose star formation to
some extent, and thus also act as a feedback effect. There-
fore, we stress the fact that inspite of our above finding, the
connection between growth of disc instabilities and star for-
mation is not quite direct and can be better understood by
factoring in feedback effects in general (Kennicutt & Evans
2012, Forbes et al. 2014, Goldbaum et al. 2015, 2016). Such
a study is, however, outside the aim and scope of the current
paper.
Finally, we aim to asses the relative roles of the disc
and the dark matter halo in stabilizing the disc for our sam-
ple LSBs. The classic work of Ostriker & Peebles (1973)
demonstrated the necessity of an additional mass compo-
nent, attributable either to the baryonic disc or to a dark
matter halo, to stabilize a galactic disc having a velocity
dispersion comparable to that of the Galaxy against global
non-axisymmetric instabilities, which lead to bar formation.
As discussed in §4, σR,s and σR,g values for LSBs are al-
most comparable to those of HSBs. But since LSBs have
relatively lower dynamical masses than HSBs, as indicated
by their asymptotic rotational velocities, this velocity disper-
sion value may render the disc stable by itself. This apart,
the disc may also be stabilized by the the centrifugal force
from the coriolis spin-up of the perturbation, as contained in
the epicyclic frequency term κ; in fact, in the current model,
dark matter halo regulates the disc stability through this
term only. Depending on the mass density profile of the disc
and dark matter halo, κ may be higher or lower, and ac-
cordingly the disc dynamical stability regulated. Therefore,
we next study the role of the dark matter halo in stabilizing
the LSB disc against local axi-symmetric instabilities, which
trigger star formation. In Figure 5, we present the QRW as
a function of R if the dark matter halo were absent i.e.,
the disc responded to its self-gravity alone. i.e., the rotation
curve and hence the epicyclic frequency were obtained using
the gravitational potential due to the self-gravity of the stars
and gas only (Equation 3). It clearly shows, for all our sam-
ple galaxies, the QRW values tend to be even less than 1 at
some radii , indicating that the disc is not stable by itself in
the absence of the dark matter halo. Similarly, in Figure 6,
we present the QRW the disc would have if the self-gravity of
the disc were ignored i.e, the stars and gas were taken to re-
spond to the gravitational potential due to the dark matter
halo only. In contrast to the disc-alone case, here the QRW
values are all > 1, thus confirming that the gravitational
potential of the dark matter halo is crucial to stabilize the
disc. Interestingly, for each of our sample galaxies, the radial
profiles of QRW calculated using the dark matter potential
alone (Figure 6) and those obtained using the total (disc +
dark matter halo) potential (Figure 2) are almost indistin-
guishable, further underscoring the fact that disc stability in
LSBs is primarily regulated by the dark matter halo. In fact,
the Qmin
RW
calculated taking into account the gravitational po-
tential of the dark matter only (median Qmin
RW
∼ 2.3 - 3) is
almost equal (within error bars) to that obtained using the
total gravitational potential of the disc and the dark mat-
ter halo (median Qmin
RW
∼ 2.6 - 3.1), but more than a factor
of two higher than the disc-only case (median Qmin
RW
∼ 0.7 -
1.5). This conclusively shows that the dark matter is funda-
mentally responsible in regulating the high value of the disc
dynamical stability in LSBs. (But, see, Mihos et al. 1997).
To check for the fact that our conclusions are robust
and not dependent on our choice of the 2-component disc
stability parameter, we obtained the disc stability using an
alternative 2-fluid disc stability parameter as proposed by
Jog (1996), with correction for the finite scaleheight of the
disc; this turned out to be different from the QRW values by
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Figure 2. 2-component disc stability parameter QRW, proposed by Romeo & Wiegert (2011), as a function of galactocentric radius R,
as calculated in this paper for a sample of 5 LSBs. The open and the filled circles represent QRW calculated using σR,g = 7 kms
−1 and
10 kms−1 respectively. The dotted horizontal line indicates QRW = 1, which represents a marginally stable disc
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Figure 3. Comparison of Qmin
RW
, the minimum value of the
2-component disc stability parameter proposed by Romeo &
Wiegert (2011), as calculated in this paper for a sample of 5
LSBs (open inverted triangles), with those for a sample of HSBs
(filled squares) and LSBs (open squares) as given in Westfall et
al. (2014).
at the most 14%, thus confirming that our conclusions are
not model-dependent.
6 CONCLUSIONS
We investigate the origin of the low star formation rate
(SFR) and hence the low surface brightness nature of some
spiral galaxies, known as low surface brightness galaxies
(LSBs). From a purely dynamical point of view, a galac-
tic disc has a low star formation rate if it is relatively more
stable against the growth of local axi-symmetric instabili-
ties. This disc dynamical stability may be indicated by a
high value (>1) of the 2-component disc stability parameter,
QRW for example, as proposed by Romeo & Wiegert (2011).
We find that the median value of Qmin
RW
, the minimum of QRW
over R, are 2.6 and 3.1 respectively for assumed HI velocity
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QMinRW
0.0
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Σ
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Figure 4. ΣSFR, the star formation rate surface density (adapted
from Wyder et al. 2009) as a function of Qmin
RW
, the minimum value
of the 2-component disc stability parameter proposed by Romeo
& Wiegert (2011), as calculated in this paper for a sample of 5
LSBs. The straight line shows the best-fitting power-law depen-
dence of ΣSFR on Q
min
RW
, the power-law slope being -1.50 ± 0.59.
dispersion σg = 7 and 10 kms
−1 respectively for our sample
of LSBs, which is clearly higher than the median value of 1.8
± 0.3 for Qmin
RW
for a sample of high surface brightness galaxies
(HSBs) as obtained in earlier studies; this possibly explains
the low SFR densities in LSBs. Besides, the observationally-
determined SFR surface density values for our sample LSBs,
as obtained by Wyder et al. (2009), have a power-law de-
pendence on Qmin
RW
, with the power-law slope of -1.50 ± 0.59,
matching the slope of ∼ -1.5 found in hydrodynamical simu-
lations of star formation in spirals in general; this indicates
that the disc dynamical stability regulates the SFR densi-
ties in galaxies equally, irrespective of the galaxy type and
morphology. Finally, we show that the QRW (>1) parameter
is mainly determined by the underlying gravitational poten-
tial of the dark matter halo, thus confirming that the dark
matter halo is primarily responsible for the disc stability
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Figure 5. 2-component disc stability parameter QRW, as proposed by Romeo & Wiegert 2011, as a function of galactocentric radius R,
as calculated in this paper for a sample of 5 LSBs, but in the presence of the gravitational potential due to the disc (stars + gas) alone
i.e., ignoring the gravitational potential due to the dark matter halo . The open and the filled circles represent QRW calculated using
σR,g = 7 kms
−1 and 10 kms−1 respectively. The dotted horizontal line indicates QRW = 1, which represents a marginally stable disc.
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Figure 6. 2-component disc stability parameter QRW, proposed by Romeo & Wiegert 2011, as a function of galactocentric radius R, as
calculated in this paper for a sample of LSBs, but in the presence of the gravitational potential due to the dark matter halo alone i.e.,
ignoring the gravitational potential due to the self-gravity of the disc. The open and the filled circles represent QRW calculated using
σR,g = 7 kms
−1 and 10 kms−1 respectively. The dotted horizontal line indicates QRW = 1, which represents a marginally stable disc.
and hence low star formation rates in low surface brightness
galaxies.
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